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(57) ABSTRACT 

A thermal manager has a digital ?lter whose input is to receive 
raw temperature values from a sensor and whose output is to 
provide processed or ?ltered temperature values according to 
a ?lter function that correlates temperature at the sensor with 
temperature at another location in the device. The thermal 
manager has a look-up table that further correlates tempera 
ture at the sensor with temperature at the other location. The 
look-up table contains a list of processed temperature sensor 
values, and/ or a list of temperatures representing the tempera 
ture at the other location, and their respective power con 
sumption change commands. The thermal manager accesses 
the look-up table using selected, ?ltered temperature values, 
to identify their respective power consumption change com 
mands. The latter are then evaluated and may be applied, to 
mitigate a thermal at the other location. Other embodiments 
are also described and claimed. 

18 Claims, 7 Drawing Sheets 
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IN A LABORATORY SETTING, TAKE DIRECT, 
INSTRUM ENTATION-TYPE TEM PERATU RE 

M EASUREM ENTS OF A TARGET LOCATION OF 
INTEREST IN THE DEVICE, VERSUS SIM ULTANEOUS 

READINGS GIVEN BY ONE OR MORE TEMP 
SENSORS THAT ARE BUILT-INTO IN THE DEVICE 
BUT THAT MAY BE “ REM OTE" FROM THE TARGET 

LOCATION 

US 8,315,746 B2 

I 
DERIVE A MATHEMATICAL RELATIONSHIP FROM 
THE RECORDED TEM PERATURE M EASUREM ENTS 
AND TEMPERATURE BEHAVIOR VERSUS TIM E, 

WHICH RELATES ONE VARIABLE THAT INDICATES 
THE TEM PERATURE OF THE TARGET LOCATION, TO 
ANOTHER VARIABLE, NAM ELY THE TEM PERATURE 
SENSED BY ONE OR MORE OF THE TEM P SENSORS 

508 

I 509 
GENERATE AND STORE DIGITAL FILTER COEFFICIENTS 

OF A DIGITAL FILTER HAVING A THERMAL TIM E 
CONSTANT THAT RELATE ONE OR MORE OF TH E TEM P 

SENSORS TO THE TARGET LOCATION 

I 
GENERATE AND STORE A LOOKUP TABLE, THAT 

CORRELATES THE TEMPERATURE OUTPUT BY ONE 
OR MORE OF THE TEM PERATURE SENSORS WITH 
THE TEM PERATURE OF THE TARGET LOCATION, IN 
TERMS OF WHAT POWER CONSUMPTION ACTION 
TO TAKE IN RESPONSE TO A GIVEN TEMPERATURE 

THRESHOLD OR LIMIT (BE IT TEMP SENSOR 
ON THE ONE HAND, OR TARGET LOCATION ON THE 

OTHER) INDICATED IN THE TABLE 

512 

I 
OBTAIN A TEMPERATURE READING FROM ONE OF 
THE TEMP SENSORS IN THE DEVICE, WHILE THE 

DEVICE IS IN-THE-FIELD 

516 

I 
PROCESS THE TEM PERATURE READING USING THE 

DIGITAL FILTER 

519 

I 
USE THE PROCESSED TEM PERATURE SENSOR 

READING TO INDEX INTO THE TABLE, TO THEREBY 
IDENTIFY A POWER CONSUMPTION ACTION 

ASSOCIATED WITH A COMPONENT OF THE DEVICE 

520 

I 
APPLY THE IDENTIFIED POWER CONSUMPTION 
ACTION TO THE COMPONENT OF THE DEVICE, 

TO ACHIEVE THE EXPECTED CHANGE IN THERMAL 
BEHAVIOR OF THE DEVICE 
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TAKE A READING FROM A REM OTELY LOCATED q] 

TEMP SENSOR IN THE DEVICE 

I 608 
CORRELATE THE READING WITH A CORRESPONDING ’\/ 

TEM PERATU RE OF THE TARGET LOCATION 

COM PARE YHE CORRELATED TARGET LOCATION 612 
TEM PERATURE TO A SUITABLE, NARROW /\/ 

TEM PERATURE RANGE (THIS IS THE TEM PERATURE 
ERROR BETWEEN WHAT THE TARGET LOCATION 

SHOULD BE AND WHAT IT ACTUALLY IS) 

IS ERROR YES 
SMALL ENOUGH? 

SELECT ONE OR MORE OF SEVERAL PREDEFINED, 616 
POWER CONSUM PTION ACTIONS TO BE TAKEN, /\/ 
BASED ON THE COM PARISON INVOLVING THE 

CORRELATED TARGET LOCATION TEM PERATURE, 
AND APPLY THE SELECTED POWER CONSUMPTION 

ACTION TO REDUCE THE ERROR 

FIG. 6 
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THERMAL MANAGEMENT TECHNIQUES IN 
AN ELECTRONIC DEVICE 

RELATED APPLICATIONS 

This application claims the bene?t of the earlier ?ling date 
ofU.S. provisional application No. 61/057,767 ?led May 30, 
2008. Certain subject matter described in this patent applica 
tion is related to material in US. patent application Ser. No. 
12/250,498 ?led Oct. 13, 2008. 

BACKGROUND 

Consumers’ appetite for more performance and function 
ality from a portable handheld Wireless communications 
device (such as a cellular telephone) typically outpaces devel 
opments in battery technology and loW poWer consumption 
electronics. Thus, manufacturers of such devices are forced to 
?nd better Ways of dealing With reduced battery life and high 
temperature effects (thermals). Various poWer management 
processes have been developed as softWare that runs in desk 
top and laptop personal computers, to better manage the 
computer’ s poWer consumption While providing a reasonable 
level of performance for the user. For instance, so-called loW 
poWer techniques use display screen dimming and processor 
clock throttling to lengthen battery life. In other cases, the 
speed of a cooling fan inside the computer is modulated, to 
regulate the internal temperature of the computer, i.e. control 
thermal situations in the computer. More recently, the poWer 
consumption of certain integrated circuit components in a 
portable laptop or notebook personal computer have been 
controlled or managed, to improve thermal characteristics 
therein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The embodiments of the invention are illustrated by Way of 
example and not by Way of limitation in the ?gures of the 
accompanying draWings in Which like references indicate 
similar elements. It should be noted that references to “an” or 
“one” embodiment of the invention in this disclosure are not 
necessarily to the same embodiment, and they mean at least 
one. 

FIGS. 1-2A are graphs shoWing simulated thermal behav 
iors. 

FIG. 2B is a block diagram of components that perform a 
thermal management process in an electronic device. 

FIG. 2C is a block diagram of components that perform a 
more sophisticated thermal management process. 

FIG. 3 is an external elevation vieW of an example elec 
tronics device in Which a thermal management process in 
accordance With an embodiment of the invention can be run 
ning. 

FIG. 4 is an internal vieW of different layers of components 
Within the device of FIG. 3. 

FIG. 5 is a How diagram of a thermal management process 
in accordance With an embodiment of the invention. 

FIG. 6 is a How diagram of a thermal management process 
in accordance With another embodiment of the invention. 

DETAILED DESCRIPTION 

An embodiment of the invention is directed to an improved 
thermal management process running in a portable handheld 
Wireless communications device that has relatively con?ned 
internal space, to manage the device’s oWn thermal behavior 
but Without signi?cantly impacting the user experience. 
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2 
There are at least tWo relevant aspects to such a process. First, 
the behavior of the device is managed so that the temperature 
of the device’s battery (or other rechargeable main poWer 
source) stays Within a given prede?ned range. See, eg Cer 
ti?cation Requirements for Battery System Compliance to 
IEEE 1725, October 2007, Revision 1.4 (CTIA Certi?cation 
Program). This is because battery temperature may quickly 
rise to undesirable levels during even normal operation of the 
device, eg When using a device that has been left inside a 
parked automobile in the sun, to make a cellular phone call. In 
part, this may be due to the operation of certain poWer hungry 
integrated circuit components of the device, such as the RF 
poWer ampli?er (PA) that drives the device’s cellular netWork 
RF communications antenna. For example, the RF PA often 
responds to requests from a base station, With Which the 
device is registered, to increase its RF output poWer if the base 
station determines that signal from the device is Weakening 
for any reason. This, together With the normal current draWn 
by the remaining electrical components, may signi?cantly 
increase the heat that must be dissipated, due to the electrical 
poWer consumption by the RF PA, thereby causing the battery 
to quickly heat up due to its relative proximity to the RF PA. 
A second thermal arena to monitor and manage in the 

device is the device’s external case temperature. This should 
also be kept in a prede?ned range, e. g. as speci?ed by Under 
Writers Laboratories (UL) for consumer grade cellular tele 
phone handsets. During normal operation, the external case 
of the device should not become so Warm as to become 
uncomfortable for the user, e.g. While it is being held in the 
users hand or against the user’s ear. The external case may be 
heated by any poWer consumed Within the device, and the 
hottest points on the external case Will most likely be in 
proximity to the circuitry With the highest concentration of 
poWer dissipation. In one embodiment, this may be the RF 
PA, as in the example above, or it may be another component 
or group of components, such as the application processor in 
a mobile telephone or smart phone. 
A given mobile device may include more than one source 

of heat that individually, or in concert With others, causes 
either one or both of the battery and the external case tem 
perature to rise above the desired maximum temperature. 
Also, the inventions described in this document are not lim 
ited to managing the temperature of batteries and external 
cases, but are applicable to any undesirable thermal behavior 
in the mobile device. 

In this description, all references to temperature values are 
in degrees centigrade. 
The process of thermal management needs accurate infor 

mation about the temperature in various places of the device. 
For example, multiple temperature sensors can be built into 
the device, and then calibrated before use. These may be in 
contact With or located near their respective components to be 
monitored. Temperature readings are “sensed” by such sen 
sors, eg by passing a knoWn current through a thermistor 
during normal operation of the device, measuring its voltage 
and calculating its resistance. In contrast, there are also indi 
rect mechanisms that can be used for measuring temperature. 
For example, during the device’s design and testing in the 
laboratory, the poWer consumption of a component (e.g., a 
microprocessor) can be sensed over a period of time. This 
type of poWer consumption and associated time interval data 
can then be correlated With direct temperature measurements 
of the component taken during testing. A mathematical and/ or 
lookup table relationship is then derived, Which is then stored 
in the device for later use “in the ?eld”, i.e. normal operation 
of the device by the end user or consumer. While in the ?eld, 
thermal management decisions can be automatically made in 
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the device, eg by executing software, based on “effective” 
temperature readings that have been computed or looked up 
using the stored relationship, as a function of sensed poWer 
consumption measurements. 

There are several heat-generating components of the 
device that may be automatically controlled, to ef?ciently 
improve the thermal behavior of the different arenas (for 
example, the battery and the external case) of the device. One 
is the cellular netWork RF transceiver PA Whose output RF 
poWer can be limited so as to override a contrary request from 
the cellular base station. Another is a central processing unit 
(CPU), e.g. its microprocessor clock can be throttled doWn or 
its poWer supply voltage may be reduced at the expense of 
reduced performance. Yet another is the backlight of the 
device’s main display screen, Which can be dimmed at the 
expense of reduced display clarity. 

In one embodiment of the invention, a “thermal time con 
stant” or thermal decay parameter may be de?ned for a given 
component or area of the device. This parameter or function 
may describe the relationship over time betWeen (1) the tem 
perature of a given component or target area of the device and 
(2) the temperature of a remote location. The thermal time 
constant takes into account the realiZation that While the 
output of a temp sensor could jump to a high value, indicating 
a fast rise in temperature at that location, the temperature of a 
remote, target location (that may also be affected by the same 
increased heat) Will rise more sloWly (e.g., along a substan 
tially different curve). This is illustrated in the example, simu 
lated temperature response graph of FIG. 1. This graph shoWs 
the simulated behavior of actual battery temperature (de 
grees) over time (minutes), responding to a sudden increase in 
heat that is producing essentially a step response in the raW 
temperature data output by a sensor that is remote from the 
battery. The graph shoWs the result of processing the raW 
temp sensor data using the appropriate thermal time constant, 
to yield a someWhat exponential-looking curve. The process 
ing includes a loW pass ?ltering function that translates an 
essentially instantaneous change (from some other tempera 
ture to 70 degrees) into a much sloWer change. 

FIG. 1 also illustrates another aspect of thermal behavior in 
the device, namely that the “steady state” temperatures of the 
sensor and the target location may be different. Note hoW the 
processed temp sensor curve is similar in shape to the battery 
temp curve, but not in absolute valuei70 degrees at the 
sensor means only 50 degrees at the battery (after about 
?fteen minutes). To make this adjustment, a further math 
ematical function (derived from the processed temp sensor 
data and the actual temperature of the target location) can be 
applied to the processed data. Examples of such functions can 
be seen in equations 1 and 2 described beloW. 

While FIG. 1 depicts a simulated step response, FIG. 2 
shoWs simulated random heating occurring in the device. 
Note hoW the relatively sharp edges of the raW temp sensor 
curve have been smoothed out by the thermal time constant 
based processing. 

Different components of the device may have different 
valued thermal time constants or thermal decay parameters, 
Which is a function of hoW quickly the heat produced by the 
component can be dissipated by the device. For example, the 
CPU may normally be subjected to its peak poWer consump 
tion level for a relatively long period of time before its tem 
perature reaches an upper threshold (e.g., several minutes). In 
contrast, peak RF output poWer by the cellular netWork RF 
transceiver PA can only be sustained for a much shorter 
period of time (before an upper thermal threshold is reached). 
The thermal time constant of a component may also incorpo 
rate the folloWing characteristics: several, relatively fre 
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4 
quently occurring and long periods of loW poWer consump 
tion by a component can lead to the same elevated 
temperature that Would result if the component Were sub 
jected to feWer and shorter periods of high poWer consump 
tion. BeloW are some example time constant parameters for 
the device 100 described beloW. 

TABLE 0 

Remote Temperature 
Sensor Location 

Correlation Temperature 
Time Constant (target location) 

15 seconds 
220 seconds 

RF Power Ampli?er 
Battery 

Battery Hot Spot 
Back Case Center 

The table above gives an example for tWo remote tempera 
ture sensors, one located near the RF PA and another located 
at the battery (though perhaps not necessarily at the battery’ s 
hot spot). There may hoWever be more than tWo sensors in the 
device, e. g. another located on-chip With a cellular baseband 
processor and another located in a different area than all of the 
others so as to give a better estimate of the ambient tempera 
ture inside the device, eg near a subscriber identity module, 
SIM, card circuit. 
A generic thermal management process or system that uses 

a thermal time constant to compute or estimate the real tem 
perature behavior (over a given time interval) of a target 
location (the “correlation temperature” in Table 0 above) is 
noW described. Referring to the block diagram of FIG. 2B, for 
a temperature of interest (e.g., that of the battery hot spot or 
the back case center), output from an associated temperature 
sensor 201 is processed using the associated thermal time 
constant. The temperature sensor 201 may be a thermistor, or 
it may be a suitable alternative. A digital ?lter 203, such as a 
single-pole In?nite Impulse Response (IIR) ?lter, has a 
response characterized by a thermal time constant given in 
Table 0. The digital ?lter transforms a time sequence of 
immediate or raW sensor readings or values, for example from 
the RF temperature sensor, into effective or estimated tem 
peratures (processed sensor values) relating to the target loca 
tion, for example, the battery hot spot. Note that if the thermal 
time constant has been correctly determined, the time 
sequence of computed effective temperatures or processed 
sensor values (at the output of the digital ?lter 203) Will have 
time response characteristics that are similar in pro?le to the 
real temperatures of interest (namely those of location B), 
though they may be different in terms of absolute value. It is 
these effective temperatures or processed sensor values, com 
puted by the signal processing operation de?ned by the ther 
mal time constant, that are then used to monitor the real 
thermal behavior of the target location in any subsequent 
thermal management operation. For example, in FIG. 2B, a 
sample taken from the time sequence of processed sensor 
values is applied to a previously calculated look-up table 205, 
to ?nd a matching, suggested thermal mitigation action (if 
any). Tables 1 and 2 beloW are examples of such look-up 
tables. The look-up table may be implemented as a data 
structure stored in memory. 

In other embodiments of this invention, more sophisticated 
signal processing techniques may be applied Within the digi 
tal ?lter 203, to compute the effective temperatures or pro 
cessed sensor values, including but not limited to multiple 
pole ?lters or Finite Impulse Response (FIR) ?lters, in order 
to improve the correlation betWeen the available sensors and 
the real temperature of the target location. 

In other embodiments of this invention, more sophisticated 
statistical analysis techniques may be applied to predict the 
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real thermal behavior of the target locationisee FIG. 2C. As 
shown in that ?gure, the digital ?lter output of multiple sen 
sors 201_1, 201_2, . . . (using multiple digital ?lters 203_1, 
203_2, . . . ) are transformed through a mathematical “thermal 

model” implemented by a temperature calculator 204, into a 
?nal prediction of the temperature at the target location. Tech 
niques to build this thermal model include, but are not limited 
to, Principal Component Analysis and Multiple Linear 
Regression. See also US. patent application Ser. No. 12/250, 
498 ?led Oct. 13, 2008 that has been assigned to the same 
assignee as that of the present application, for additional 
details concerning the particular approach taken in FIG. 2C 
for estimating the temperature of the remote, target location. 

Before describing various thermal management processes 
in detail, several components of the Wireless communications 
device are noW described and Which may be vieWed as con 
trollable heat sources that may be commanded to reduce their 
poWer consumption (pursuant to a suggested thermal mitiga 
tion action obtained from the look-up table 205, see FIG. 2B). 
First, there is the display screen backlight. A light emitting 
diode (LED) backlight has the folloWing characteristic: its 
light output decreases about in direct proportion to a decrease 
in its poWer consumption. HoWever, the response of the 
human visual perception system to light intensity is approxi 
mately logarithmic, in the sense that a large increase in light 
intensity (e.g., a doubling of backlight poWer) is needed to 
achieve a relatively small improvement in perceived bright 
ness. To take advantage of these characteristics, in one 
embodiment of the thermal management process, the default 
backlight poWer is set to, for example, about 50% of its 
maximum speci?ed poWer. Thereafter, When there is a thresh 
old thermal event, the backlight poWer is reduced to an 
amount that yields about one half the perceived brightness by 
a human. This has been experimentally determined to be 
about 20% of the maximum speci?ed poWer of a typical LED 
backlight used in handheld device applications such as cellu 
lar phones. LoWering the backlight poWer further has been 
found to not result in an appreciable decrease in the heat 
produced by the backlight, and in fact is likely to make the 
display screen very dif?cult to see. This process helps achieve 
a signi?cant reduction in heat produced by the backlight, 
Without signi?cantly impacting the user’ s experience With the 
device. 

Another component or function in the device 100 that may 
be commanded to drop its poWer consumption is the transmit 
rate of the cellular network transceiver. For example, the 
device may have third generation, 3G, cellular netWork com 
munications hardWare and softWare that enable its user to surf 
the Web, check email, and doWnload video at greater speeds. 
In that case, the device may reduce its 3G, High Speed DoWn 
link Packet Access, HSDPA, transmit rate or limit its RF 
output poWer in response to a thermal event. 
A thermal management process in accordance With an 

embodiment of the invention is noW described in some detail, 
With reference to the How diagram of FIG. 5. The process can 
be used to control temperature in the example multi-function 
portable communications device 100 that is depicted in FIG. 
3 and FIG. 4. FIG. 3 is an external vieW of the device, While 
FIG. 4 shoWs a feW components of interest by revealing 
several layers that make up the device. This device 100 may 
be an iPhoneTM device by Apple Inc. Brie?y, the device 100 
has Within its external case or housing 102 the folloWing 
components that operate together to provide cellular phone, 
Web sur?ng and digital media playback functions to its user: 
a CPU 404, a touch sensitive display screen 108 With a built-in 
backlight, a cellular baseband processor 408, cellular net 
Work RF transceiver PAs 409, 410, microphone 114, receiver 
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6 
(ear speaker) 112, speaker 122, and battery 404. Note that the 
display screen 108 need not be touch sensitive; instead, user 
input may be had through a separate, built-in, physical key 
board or keypad (not shoWn) . Additional temp sensors may be 
included, such as one that is associated With a Subscriber 
Identity Module, SIM card (not shoWn) or is on-chip With the 
baseband processor 408 in the device 100. 
The battery 404 is located at the rear of the device 100, in 

front of a back case or panel 104 Which is part of the external 
case 102, While the display screen 108 is at its front. The 
battery 404 faces the back face of a printed Wiring board 
(pWb) 419 on Which the CPU 404, baseband processor 408, 
and PA 410 are installed. A separator panel 415 may be 
included for greater structural integrity and/ or heat insulation, 
betWeen the battery 404 and the board 419. The PAs 409, 410 
in this example are soldered to the front face of the board 419. 
There are also several temperature sensors, including a board 
temp sensor 414 located near an edge of the motherboard or 
baseboard, an RF temp sensor 416 located closer to the Pas 
409, 410 than the board temp sensor 414, and a battery temp 
sensor 418 located closer to the battery 404 than either of the 
tWo other sensors. A thermal management program, stored in 
memory 417, may be executed by the CPU or by another 
processor Within the device, to perform some of the opera 
tions recited in FIG. 5. 

Referring noW to FIG. 5, beginning in the laboratory set 
ting, statistical techniques and direct, instrumentation-type 
temperature measurements of a target location of interest in 
the device are taken, versus simultaneously taken readings 
given by one or more temp sensors that are built-into in the 
device but that may be “remote” from the target location 
(block 504). A range of temperatures of interest are covered, 
e.g. 40-70 degrees, by heating the device 100 from an external 
source and/or alloWing the device 100 to heat up by virtue of 
its oWn operation. In addition, a suitable time interval is 
de?ned over Which the measurements are taken (e. g., several 
minutes). A number of specimens of the same device 100 can 
be connected to the instrumentation circuitry to take such 
measurements, and the resulting laboratory data is recorded 
for statistical analysis. A mathematical relationship may then 
be derived from the recorded lab data, Which relates one 
variable that indicates the hot spot temperature, to another 
variable, namely the temperature sensed by one or more temp 
sensors (block 508). This relationship may have tWo aspects. 
First, there is the contribution by the thermal time constant 
introduced above in connection With FIG. 1 and FIG. 2A, to 
obtain the “processed” curve. This aspect is re?ected in 
operation 509 in Which digital ?lter coef?cients are generated 
that shape the time response of a digital ?lter so that the 
?lter’s output matches the envelope of the temperature vs. 
time behavior of the target location, When its input is a 
sequence of temperature readings from one or more remote 
sensors. The computed ?lter coe?icients are then stored or 
encoded in the manufactured specimens of the device 100. 
Second, a further relationship that makes an adjustment to the 
processed curve to obtain an estimate of the real temperature 
of the target location, is determined. 

For example, consider a thermal management process that 
controls the temperature of the battery’s hot spot. It has been 
discovered that the hot spot of the battery 404 may be the part 
of the battery that is closest to the PAs 409, 410. Instrumen 
tation-based measurements of such a battery hot spot reveal 
that Whenever it is near or in its maximum temperature range 
(as speci?ed by, for example, the battery’s manufacturer), this 
is generally due to the heat produced by the PAs 409, 410, 
Which are located nearby. Thus, a better indicator of the 
battery hot spot temperature (in the absence of a temp sensor 
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that just happens to be located at the battery hot spot) may 
actually be the RF temp sensor 416, Which may be the sensor 
that is closest to and associated With the poWer ampli?ers, 
PAs 409, 41 0. An even better indicator of the battery tempera 
ture is the processed version of the output of RF temp sensor 
416, i.e. a sequence of temperature measurements made by 
the RF temp sensor 416 that has undergone digital signal 
processing designed to track the actual rise and fall in battery 
temperature. Such a digital ?lter may be de?ned in operation 
509. 

To obtain a relatively accurate estimate of the target loca 
tion’s temperature, a further mathematical relationship may 
be needed (e.g., to convert the “processed” curves of FIGS. 
1-2A into estimates of the real target location temperature. In 
one case, a linear relationship betWeen the tWo temperatures 
may be derived, in the form of, 

Battery hot sp Ot:K1 +K2 *processediRFitempisens or (equation 1) 

Where K1 and K2 are constants that are selected to best ?t a 

curve (here, a straight line) to the experimental data repre 
senting the actual battery hot spot temperature. Thus, adjust 
ing the processed RF temp sensor output in this manner is 
revealed to be a reasonably reliable predictor or estimator for 
the actual battery hot spot temperature, during ?eld use of the 
device. This means the battery temp sensor (if one is used) 
need not be located at the hot spot. 

In one embodiment of the invention, once the temperature 
relationship (equation 1) betWeen battery hot spot and pro 
cessed RF temp sensor has been determined in this manner, it 
may be re?ected in a prede?ned lookup table stored in the 
memory 417 of the device 100 (block 512). The table asso 
ciates or maps a list of battery hot spot temperatures of inter 
est, eg those that are in a band at or near the maximum 
temperature speci?ed by the battery’s manufacturer, to pro 
cessed RF temp sensor thresholds (in accordance With the 
prede?ned relationship). In addition, for each threshold (also 
referred to as a thermal event or temperature limit), the table 
lists a respective poWer consumption change command or 
function limit, to be issued in the device in response to the 
threshold being reached, to mitigate a thermal situation. For a 
given threshold, a corresponding blank entry in the Special 
Action column refers to a “no change” command, i.e. no 
change to the poWer consumption of the components in the 
device is needed. See for instance Table 1 beloW. Note each 
threshold value in the table may actually represent a respec 
tive, band or range of temperature values that de?ne the 
thermal event. The relevant column here is the “Processed RF 
PA Sensor Threshold” column, Which re?ects the thermal 
time constant of a target location, eg the battery hot spot, 
relative to a temperature sensor located at the RF poWer 
ampli?ers. 

TABLE 1 

Special Action 
Processed Processed (poWer 
RF PA Battery consumption 

Noti?cation Range Sensor Sensor change 
Level Percentage Threshold* Threshold# command) 

0 0% 57.92 C. 51.80 C. 
1 13% 58.02 C. 51.97 C. 
2 23% 58.06 C. 52.88 C. 
3 25% 59.13 C. 53.72 C. 70% Backlight 
4 32% 59.60 C. 54.47 C. 
5 41% 60.07 C. 55.22 C. 50% Backlight 
6 49% 60.49 C. 55.88 C. 
7 56% 60.85 C. 56.46 C. 
8 63% 61.22 C. 57.05 C. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
TABLE 1-continued 

Special Action 
Processed Processed (poWer 
RF PA Battery consumption 

Noti?cation Range Sensor Sensor change 
Level Percentage Threshold* Threshold# command) 

9 69% 61.54 C. 57.55 C. 
10 74% 61.80 C. 57.95 C. 
11 80% 62.11 C. 58.46 C. 
12 84% 62.32 C. 58.80 C. Kill Applications 
13 89% 62.58 C. 59.21 C. 
14 93% 62.79 C. 59.55 C. 
15 97% 63.00 C. 59.88 C. 
16 100% 63.16 C. 60.13 C. Sleep 

*Correlated to battery hot spot 
#Correlated to back case/panel 

Table 1 may be used in-the-?eld, as folloWsisee blocks 
516-524 of the How diagram in FIG. 5. Note that unless 
otherWise speci?ed, the order in Which the operations or steps 
of a process can occur is not limited to that Which is shoWn in 
an associated ?oW diagram. Referring noW to the How dia 
gram in FIG. 5, consider a reading taken from the RF temp 
sensor in the ?eld and that has been processed in accordance 
With a thermal time constant associated With a target location 
(block 516). This single reading may be su?icient to index 
into the look up table, to determine What poWer consumption 
action to take; alternatively, it may be combined With a read 
ing from one or more other temp sensors. Table 1 above 
indicates that once the processed RF temp has risen to a 
certain level, a particular action should be taken With respect 
to a certain component of the device. The table shoWs hoW to 
respond to progressively rising RF temp sensor readings. As 
the processed RF temp sensor rises to indicate about 59.13 
degrees, the backlight is dimmed to 70% of its maximum 
poWer level. As the temperature continues to rise from there, 
the backlight is further dimmed to 50%. Eventually, the table 
indicates When most if not all applications executing in the 
device Will be killed, as the temperature continues to rise. 
Finally, When a hot limit of the device is near, the table 
indicates that it is time to put the device into a loW poWer sleep 
state. Thus, more generally, the temperature reading from a 
given temp sensor is used to index into the table, to thereby 
identify a poWer consumption action associated With a com 
ponent of the device 100 (block 520). Next, the identi?ed 
poWer consumption action is applied to the component (block 
524), to achieve the expected change in thermal behavior of 
the device 100. 

Note that the temperature threshold numbers in the tables 
here are only one instance of hoW each table can be populated. 
In addition, the threshold value is approximate, in that that 
there is a tolerance band around each value. The more general 
concepts described here are of course not limited to the spe 
ci?c numbers in any given table. 

Also, the look-up table, Which may be stored as part of 
thermal management softWare in the device 100, need not list 
all of the columns of Table 1. For example, the table may only 
list the (previously computed) temp sensor values and their 
respective poWer consumption actions, as correlated to real 
target location temperatures. The process in that case Works 
by indexing directly into the look-up table, using a processed 
temp sensor reading. This may be vieWed as the temp sensor 
domain embodiment. If desired, the estimated target location 
temperature can be obtained by plugging the processed temp 
sensor value into equation 1. 
An alternative to Working in the temp sensor domain is to 

Work in the target location domain. In that case, the look-up 
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table stored in the device 100 need only list the target location 
temperatures (and their respective poWer consumption 
actions). The process Would then Work by ?rst plugging the 
processed temp sensor reading into equation 1, and then 
directly indexing into the look-up table With the computed or 
estimated target location temperature. 

In accordance With another embodiment of the invention, a 
thermal management process (that can be executed in the 
device 100) controls the device’s external case temperature. 
For such a process, the target location in the How diagram of 
FIG. 5 becomes for example the center of the back case or 
panel 104 of the device 100. The in-the-?eld device portion of 
this process (namely blocks 516-524) may be executed in 
parallel With the battery hot spot process described above. 
Here, it has been discovered that the battery temp sensor 
output may be a reasonably reliable predictor for the external 
case temperature, particularly in the example device 100 
depicted in FIG. 4. Experimental measurements and statisti 
cal techniques have yielded the folloWing linear relationship 
betWeen the temperatures of the processed battery temp sen 
sor (processed in accordance With the thermal time constant 
given in Table 0 above) and the center of the back panel of the 
external case, 

Back case centerIK3+ 

K4*processedibattiternpisensor (equation 2) 

Where K3 and K4 are constants that are selected to best ?t a 
straight line to the experimental data representing the actual 
back case center temperature. This relationship may be used 
to ?ll in the processed battery temp sensor values in the 
column identi?ed by the same name, in Table 1 above. Here, 
the backlight is dimmed to 70% While in effect monitoring the 
back case panel, When the processed battery temp sensor 
reading is about 53.72 degrees. In contrast, When monitoring 
the battery hot spot through the processed RF PA temp sensor, 
the same dimming action occurs at about 59.13 degrees. 

The above-described thermal management processes (in 
connection With Table 1) gave as examples several poWer 
consumption change commands for thermal mitigation, 
including backlight dimming, killing applications, and forc 
ing the entire device 100 into a loW poWer sleep state. Table 2 
beloW gives an example of another thermal mitigation action, 
namely that of limiting RF transmit poWer. That table shoWs 
a list of battery hot spot temperatures of interest, mapped to 
corresponding processed RF PA temp sensor readings (using 
the prede?ned relationship obtained from experimental data), 
and the corresponding RF output or transmit poWer limits that 
are to be placed on the RF PA 409, 410 (see FIG. 4). Table 2 
may be used by another thermal management process that is 
running in the device, in parallel With those described above 
in connection With Table 1. Table 2 describes hoW to limit the 
transmit poWer as a function of battery hot spot temperature, 
the latter having been correlated to the RF PA temp sensor 
Which is being monitored. 

TABLE 2 

Change command 
Processed RF PA Sensor (RF Transmit Power 

Battery Hot Spot Threshold Limit) 

59.00 C. 59.22 C. 24.000 dBrn 
59.33 C. 59.52 C. 23.625 dBrn 
59.64 C. 59.79 C. 23.250 dBrn 
59.93 C. 60.04 C. 22.875 dBrn 
60.20 C. 60.27 C. 22.500 dBrn 
60.53 C. 60.56 C. 22.000 dBrn 
60.82 C. 60.81 C. 21.500 dBrn 
61.09 C. 61.05 C. 21.000 dBrn 

20 

25 

30 

35 

40 

50 

55 

60 

65 

1 0 
TABLE 2-continued 

Change command 
Processed RF PA Sensor (RF Transmit PoWer 

Battery Hot Spot Threshold Limit) 

61.33 C. 61.26 C. 20.500 dBrn 
61.60 C. 61.49 C. 19.875 dBrn 
61.84 C. 61.70 C. 19.250 dBrn 
62.09 C. 61.92 C. 18.500 dBrn 
62.30 C. 62.11 C. 17.750 dBrn 
62.51 C. 62.29 C. 16.875 dBrn 
62.69 C. 62.45 C. 16.000 dBrn 
62.86 C. 62.60 C. 15.000 dBrn 
63.00 C. 62.72 C. 14.000 dBrn 

Thus, combining tWo processes associated With Table 1 
and Table 2 yields the folloWing example scenario. When the 
processed RF PA temp sensor data, as correlated to the battery 
hot spot, indicates about 60.27, Table 1 suggests dimming the 
backlight to 50% While Table 2 suggests limiting the RF 
transmit poWer to 22.5 dBm. One or both of these thermal 
mitigation actions are then taken (FIG. 5, operation 524). 
A further thermal management process is noW described 

that may also be running in parallel With those described 
above. This process accesses Table 3 (see beloW) While effec 
tively monitoring the back case temperature, based on the 
previously determined temperature relationship that corre 
lates the back case temperature With processed battery temp 
sensor data (here, thermistor output data). In this process, the 
poWer consumption mitigation action taken at a given tem 
perature threshold includes limiting the RF transmit poWer to 
the speci?ed level. For example, according to Table 3, the RF 
transmit poWer of the device 200 shall not be alloWed to 
increase above 21 dBm When the processed battery temp 
sensor data (as correlated to the center of the back case) is 
indicating about 56.79 degrees. 

TABLE 3 

Processed Battery 
Thermistor Limit 

Change command 
Back Case Center (RF PA Tx Limit) 

48.00 C. 53.89 C. 24.000 dBm 
48.23 C. 54.20 C. 23.750 dBm 
48.44 C. 54.50 C. 23.500 dBm 
48.64 C. 54.78 C. 23.250 dBm 
48.84 C. 55.05 C. 23.000 dBm 
49.02 C. 55.31 C. 22.750 dBm 
49.20 C. 55.55 C. 22.500 dBm 
49.45 C. 55.90 C. 22.125 dBm 
49.68 C. 56.22 C. 21.750 dBm 
49.89 C. 56.51 C. 21.375 dBm 
50.09 C. 56.79 C. 21.000 dBm 
50.27 C. 57.04 C. 20.625 dBm 
50.49 C. 57.35 C. 20.125 dBm 
50.70 C. 57.64 C. 19.625 dBm 
50.92 C. 57.95 C. 19.000 dBm 
51.16 C. 58.28 C. 18.250 dBm 
51.40 C. 58.61 C. 17.375 dBm 
51.62 C. 58.92 C. 16.375 dBm 
51.82 C. 59.20 C. 15.250 dBm 
52.00 C. 59.44 C. 14.000 dBm 

As the back case becomes “too hot”, for example during a 
phone call made When the device has been left inside a car in 
the sun for a feW hours, the RF transmit poWer might have to 
be limited to such a loW level (based on Table 3), that the 
cellular base station toWer With Which the device 100 is com 
municating may decide to drop the ongoing phone call or, if 
possible, initiate a smooth hand over of the call from, for 
example, a 3G cellular netWork to one that uses loWer (over 
all) RF poWer, e. g. a 2G netWork. SloWly reducing the avail 
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able transmit power in the manner shown in Table 3 may be a 
better option than the device 100 itself deciding to drop the 
call altogether (e.g., by killing a cellular phone application 
that is running). Reducing the available transmit poWer 
gradually as indicated in Table 3, While alloWing an ongoing 
call to continue even as the device gets hotter, Will give the 
cellular netWork a chance to hand over the call to another 
Wireless cellular netWork communications protocol that calls 
for loWer poWer consumption in the device 100. 

Note that in some cases, such as in a 3G cellular network, 
the cell toWer may be continuously or repeatedly command 
ing each of the phones With Which it is communicating to 
adjust their respective RF transmit poWer levels during phone 
calls (e.g., as a particular phone moves closer to or farther 
from the cell toWer, or as the number of active phone calls 
being handled by the cell toWer changes). In some cases, there 
may be a con?ict betWeen the command from the cell toWer 
and the command in Table 3, e. g. the cell toWer may demand 
more poWer, While Table 3 requests a reduction (due to 
increasing, processed battery temp sensor readings). In that 
case, Table 3 may override the cell toWer’s request for greater 
poWer. 

In other cases, the cell toWer may signal the device 100 to 
reduce its transmit poWer level, even While Table 3 alloWs a 
higher limit. In those situations, the device may prefer to 
operate at the loWer level. 

Hysteresis may be incorporated into the thermal manage 
ment processes described above. For example, With hyster 
esis, as the device cools off and the temp sensor readings drop, 
a higher poWer consumption command or limit (indicated in 
one of the tables above and that is associated With the neW 
loWer temperature level), is not resumed immediately. Rather, 
the process delays resumption of the higher poWer consump 
tion level, to for example ensure that the device is in fact 
cooling off at a suf?ciently high rate. For instance, hysteresis 
may require that the processed temp sensor reading further 
drop by about 1/2 degree, relative to one of the threshold levels 
indicated in the table, before the higher poWer consumption 
associated With that threshold level is resumed or permitted. 

In addition to the processes described above, the device 
100 may also have a fail-safe process or mode in Which 
several components of the device (e.g., cellular netWork PA, 
backlight, music player functionality) are essentially shut 
doWn due to excessive temperature. For example, the fail-safe 
mode may be entered When there is a thermal event that risks 
violating the prede?ned maximum battery temperature range, 
e.g. beyond 63 degrees. 
As a precursor to the fail-safe mode, the device 100 may 

have a process that ?rst alerts the user, by shoWing a graphic 
on the display screen 108, When a temperature limit that is 
near a hot limit (or other maximum speci?ed operating tem 
perature of the device) has been reached. For example, the 
battery hot spot may be at its manufacturer speci?ed maxi 
mum, or the back case center may be at a UL speci?ed 
maximum or other maximum user comfort temperature. This 
alloWs the user himself to then immediately end the call for 
example, or shut doWn a particularly poWer-hungry applica 
tion that may be running. Alternatively, the process could 
automatically invoke a reset and/ or reboot of the entire device 
and its operating system. This might be able to alleviate the 
high temperature situation, assuming that it has been caused 
by a problem Within the device (e.g., a defective softWare 
routine or a defective piece of hardWare). If folloWing 
completion of the reset/reboot the device does not cool off, 
despite certain poWer hungry applications no longer running 
being active, then the entire device 100 may be automatically 
shut doWn. This re?ects an understanding, by the thermal 
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12 
management processes, that the current thermal situation in 
the device likely has external causes beyond its control. 

So far, various thermal management processes have been 
described Which may be based on indexing into a look up 
table, using either a processed temp sensor reading or a fur 
ther correlated value that represents the actual temperature of 
the target location, to determine What poWer consumption 
action to take in the device. It should be understood that the 
look up table is thus said to correlate temp sensor readings 
With the expected, actual temperature of a remote, target 
location. HoWever in doing so, the look up table need not 
actually contain a list of either of those values. For example, 
Table 1 above lists only processed RF PA temp sensor values, 
not raW sensor readings (and one or more associated poWer 

consumption actions, “Special Actions” column, that are sug 
gested to mitigate, e. g., reduce, the actual temperature of the 
target location at selected temperature thresholds). As an 
alternative, the list of processed readings could be mapped to 
(and replaced With) their corresponding, computed target 
location values. See for example equation 1 Which gives the 
computed temperature values of the battery hot spot, based on 
processed RF PA temp sensor readings. 
One or more of the above-described thermal management 

processes can run in parallel, to control the poWer consump 
tion of various components of the device simultaneously, 
based on information obtained from the same temp sensors. 
Other than When using the hysteresis effect mentioned above, 
these processes need not have any memory of for example 
hoW long (time Wise) a particular processed temp sensor 
variable has been indicating above a given threshold. See 
FIG. 2B, shoWing the “open loop” nature of the process. In 
addition, they do not actually regulate the temperature of a 
given part of the device, to ensure that it stays in a narroW, 
target range. Rather, they respond to temperature changes 
(according to the tables) across a relatively broad range. For 
instance, Table 1 covers the ranges 57-64 degrees and 51-61 
degrees, the range for Table 2 is 59-63 degrees, and the range 
for Table 3 is 53-60 degrees. 

In another embodiment of the invention, a regulating 
closed loop thermal management process (that runs in the 
device) regulates the temperature of a target location Within a 
relatively narroW temperature range, based on taking readings 
from one or more remotely located temp sensors in the device 
100. For instance, a suitable, relatively narroW, battery hot 
spot temperature range may be 62-64 degrees. In general, this 
battery temperature band should be not too high as to signi? 
cantly reduce the life of the battery (or render the external 
case too hot), and not too loW to render inef?cient operation 
given the battery chemistry. A process that can maintain this 
narroW temperature is depicted in FIG. 6. 

Referring noW to FIG. 6, a sample, processed reading is 
taken, from a sequence of such readings taken from a 
remotely located temp sensor in the device 100 (block 604). 
The sequence of readings had been processed, so that they 
correlate better With the temperature behavior of a target 
location. Next, the sample, processed reading is further cor 
related With the temperature of the target location (block 
608). The latter may be performed in part by inserting the 
processed temp sensor value into a previously de?ned equa 
tion (e.g., one of the linear equations described above), that 
actually computes an accurate estimate of the corresponding 
target location temperature. The computed target location 
temperature is then compared to the suitable, battery hot spot 
range (block 612) to determine an error. If the error is not 
small enough (block 613), then one or more of several pre 
de?ned, poWer consumption actions that Would reduce the 
error are selected and applied (block 616). The expectation is 
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that this application of power consumption actions Will cor 
rect the target location’s temperature, back into the suitable 
range. 

In some cases, a temp sensor’s behavior history, and/or a 
thermal time constant associated With the sensor, has been 
stored in memory of the device, either by itself or correlated 
to that of a target location. This information can be consulted, 
eg as part of block 616, to further determine for example the 
strength of the poWer consumption action that Will be taken. 
For instance, if the back case center has been steadily cooling 
for the past 30 seconds (as indicated by monitoring the battery 
temp sensor for example), even though the back case center is 
still above its suitable temperature range, the limit on RF 
transmit poWer of the device 100 should be reduced only 
slightly, as compared to the situation Where the back case 
center has been ?uctuating (rather than steadily cooling) 
above its suitable range. 
An embodiment of the invention is an electronic device 

comprising: 
means for sensing a temperature of the device (e.g., ther 

mistor built into the device; 
means for correlating temperature of the sensing means 

With temperature of another location in the device, in terms of 
What poWer consumption action to take for a given tempera 
ture of the sensing means that has been correlated to a corre 
sponding temperature of said another location (e. g., a look up 
table stored in the device that includes a list of temp sensor 
values and/ or a list of target location temperatures, plus their 
respective poWer consumption actions Which have been 
selected manage thermals at the target location); 
means for accessing the correlating means to identify said 

poWer consumption action Which is associated With a com 
ponent in the device (e.g., software running in the device that 
processes the temp sensor readings by a) indexing directly 
into a list of temp sensor values, orb) ?rst converting the temp 
sensor readings and the indexing directly into a list of target 
location temperatures; and 
means for applying the identi?ed poWer consumption 

action to the associated component of the device (e.g., soft 
Ware running in the device that signals a CPU, an RF PA, or a 
backlight to limit its poWer consumption even at the expense 
of reduced performance by the component). 
An embodiment of the invention may be a machine-read 

able medium having stored or encoded thereon instructions 
Which program a processor to perform some of the operations 
described above. In other embodiments, some of these opera 
tions might be performed by speci?c hardWare components 
that contain hardWired logic. For example, the digital ?lter 
203 in FIG. 2B may be implemented entirely as a program 
mable logic array circuit, or entirely as a programmed data 
processor. Those operations might alternatively be performed 
by any combination of programmed computer components 
and custom hardWare components. 
A machine-readable medium may include any mechanism 

for storing or transmitting information in a form readable by 
a machine (e.g., a computer), not limited to Compact Disc 
Read-Only Memory (CD-ROMs), Read-Only Memory 
(ROMs), RandomAccess Memory (RAM), and Erasable Pro 
grammable Read-Only Memory (EPROM). 

The invention is not limited to the speci?c embodiments 
described above. For example, the temperature threshold 
numbers in the tables here are only one instance of hoW each 
table can be populated. In addition, the threshold value is 
approximate in that that there is a tolerance band around each 
value. The more general concepts described here are of course 
not limited to the speci?c numbers in any given table. Accord 
ingly, other embodiments are Within the scope of the claims. 
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What is claimed is: 
1. A method for thermal management of an electronics 

device, comprising: 
monitoring temperature of a target location in a device 

Without having a temperature sensor at that location, by 
(a) ?ltering a sequence of temperature readings from a 

temperature sensor that is at a remote location in the 

device, and 
(b) using one of the ?ltered temperature readings to 

access a look up table, that lists temperature thresh 
olds and corresponding poWer consumption com 
mands, and thereby identify a poWer consumption 
command associated With a component of the device, 

Wherein the corresponding poWer consumption commands 
include a plurality of no change commands and at least 
one change command that limits or reduces poWer con 
sumption of a component in the device, Wherein the look 
up table correlates temperature at the temperature sensor 
With temperature at said target location in the device. 

2. The method of claim 1 further comprising: 
repeating (b) so as to use another one of the ?ltered tem 

perature readings to access the look up table, until said at 
least one change command is identi?ed; and 

applying the identi?ed change command to limit or reduce 
poWer consumption of a component of the device. 

3. The method of claim 1 Wherein the list of temperature 
thresholds in the look up table refers to temperature at said 
target location of the device, and 

Wherein using the ?ltered temperature reading to access the 
look up table comprises converting, using a prede?ned 
mathematical relationship, the ?ltered temperature read 
ing into a value that refers to temperature at said target 
location. 

4. The method of claim 1 Wherein the list of temperature 
thresholds in the look up table refers to ?ltered temperature 
readings, Wherein using the ?ltered temperature readings 
comprises: 

directly indexing into the look up table With the ?ltered 
temperature reading. 

5. The method of claim 2 Wherein applying the identi?ed 
change command to the component of the device comprises: 

limiting RF transmit poWer of a cellular netWork trans 
ceiver in the device to a level that is indicated by the 
identi?ed change command. 

6. The method of claim 2 Wherein applying the identi?ed 
change command to the component of the device comprises: 

reducing light output of a display screen backlight in the 
device to a level that is indicated by the identi?ed change 
command. 

7. The method of claim 1 Wherein applying the identi?ed 
change command to the component of the device comprises: 

reducing clock frequency or supply voltage of a data pro 
cessing unit in the device to a level that is indicated by 
the identi?ed change command. 

8. A method for thermal management of an electronic 
device, comprising: 

reading a ?rst temperature sensor that is located in a device 
closer to a ?rst component of the device than second and 
third components of the device; 

reading a second temperature sensor that is located in the 
device closer to the second component than the ?rst and 
third components; and 

correlating readouts from the ?rst temperature sensor With 
readouts from the second temperature sensor to extrapo 
late temperature of a selected one of the ?rst, second and 
third components, and on that basis changing a poWer 
consumption limit of the selected component. 
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9. An electronic device comprising: 
a temperature sensor; and 
a thermal manager having a digital ?lter Whose input is to 

receive raW temperature values from the sensor and 
Whose output is to provide processed temperature values 
according to a ?lter function that correlates temperature 
at the sensor With temperature at another location in a 

device, 
the thermal manager having a look-up table that further 

16 
the thermal manager to consult the stored history and on 

that basis modify the change that is commanded to the 
poWer consumption of the component in the device. 

14. An electronic device comprising: 
a temperature sensor disposed at a ?rst location of a device 

that is remote from a second location of the device; and 
a thermal manager to process a sequence of temperature 

readings from the temperature sensor to obtain a 
sequence of processed temperature readings, 
the thermal manager having a look up table that lists a 

correlates temperature at the sensor With temperature at 10 plurality of temperature thresholds associated With a 
said another location, the look-up table having a list of plurality of poWer consumption commands, respec 
temperature values, representing a temperature range at Flvelys Whel" em The POW?r consumpt1on Commands 
the sensor or at said another location, and a plurality of Include a plural1ty of no Change c_om_mands and at 
poWer consumption change commands associated With 15 least one Chang? Command that 11mm or reduces 
the list of temperature values respectively h pilwer clonsumpnon ofla 0011111011911?‘ In 11h}? dev1ce’ 

’ ’ . t et erma manager to se ect ap ura 1ty o t e sequence 
the thermal manager to access ‘the look-up table a plural1ty of processed temperature readings and use each 

ofnmes’ each nme usulg a dlfferem one? Ofthe processed selected processed reading to access the look up table 
tempelamre Values, 10 ldemlfy a plural1ty of PQWer P011‘ and thereby identify a poWer consumption command, 
sumpt1on change commands and evaluate the 1dent1?ed 20 and to evaluate the identi?ed power consumption 
plurality of poWer consumption change commands to command to determine What change, if any, should be 
determine What change, if any, should be commanded to commanded to mitigate a thermal event in the device. 
the power consumption of a component in the device, 15. The electronic device of claim 14 Wherein the second 

10, The electronic device of claim 9 further comprising; location is a location Whose temperature behavior, in 
a Wireless Communications transceiver power 25 response 10' an input heat source at the ?rst location, 15 sub 

?er’ wherein one Of the identi?ed power Consumption stantially dlfferent than that of the ?rst locat1on. 
Change Commands is an RF Output power limit on the 16. The electronic device of claim 14 Wherein the thermal 
Wireless Communications transceiver RF power amplh manager is to~1mplement hysteres1s such that as the dev1ce 
?eh cools off, an 1dent1?ed poWer consumpt1on command from 

11' The electronic device ofclaim9 further Comprising: 30 the look up table that increases poWer consumpt1on of a 
a display Screen having a hachhght wherein one of the component in the device is not resumed immediately but 

. . . ’ . rather is delayed until the device cools off further. 
1dent1?ed poWer consumpt1on change commands 1s a . . . . 
brightness hmh on the hachhght 17. The electron1c dev1ce of claim 14 Where1n the poWer 

12 The electronic device of Claim further Com hisin _ consumption commands in the look up table include at least 
a c'emral processing unit CPU wherein one of ?lie idefhh 35 one that alerts a user of the device about temperature in the 

?ed poWer consumption chahge commands is aproces- device’ by Showing a graphic on a display Screen of the 
sor clock limit or supply voltage limit on the CPU. devlce' . . . . . 

13 The electronic device of Claim 9 wherein the thermal 18. The electron1c dev1ce of claim 14 wherein the plural1ty 
' . . . . . of temperature thresholds listed in the look up table are in a 

manager compnses memory in Wh1ch is stored a history of . 40 range 50-65 degrees Cent1grade. 
temperature readings from the sensor that have been corre 
lated to temperature of said another location, * * * * * 


